Introduction Hearing loss interferes in the development of language and verbal capacities, which causes learning difficulties and deleterious effects. Objective To analyze the prevalence and associated factors for hearing loss in schoolage individuals of the municipality of Natal, state of Rio Grande do Norte, Northeast Brazil.
Introduction
Hearing is fundamental for the development of speech, language and learning, 1 as it favors social interaction, acquisition of knowledge and enables the individual to transmit thoughts and feelings, being the basis of the human communication system. 2 Hearing loss during infancy causes significant impacts, 3 with repercussions on the economic aspect due to the costs associated with detection and treatment. There are also repercussions on the psychosocial aspect: for the child, the family and the community in general. Hearing loss interferes in the development of language and verbal capacities, which causes learning difficulties and deleterious effects on the emotional, cognitive, academic and social evolution. Compromises in the development of language and school performance depend on when the impairment was acquired, its type, degree and etiology. 4 Hearing losses can result from several causes, 5 and risk factors for school-age individuals can be otological or nonotological, 6 such as genetic factors, birth complications, superior airway infections, 7 middle ear infections, 8, 9 use of specific drugs and exposure to excessive noise. 10 Studies indicate an effect of social and economic conditions on the prevalence of hearing loss in school-age individuals, such as low socioeconomic levels, 11, 12 income, 6,8 education levels, 13 and low maternal education level. 14 More than 5% of the world population -466 million peoplepresent incapacitating hearing loss (432 million adults and 34 million children). It is estimated that, until 2050, more than 900 million peopleequivalent to 1 out of 10 peoplewill suffer incapacitating hearing loss. It is known that 60% of hearing losses in infancy are due to avoidable causes. 10 Most people with incapacitating hearing loss live in lowand intermediate-income countries. According to the most recent census performed in Brazil, the presence of selfreported hearing loss in the Brazilian population was 5.1%, being the 3 rd most prevalent loss in the population. The Northeast region of the country, considered one of the poorest regions of Brazil, presents hearing loss prevalence levels above the national average (5.8%). 15 Auditory assessment is an attempt to minimize the adverse influence of auditory disorders, and enable the early detection of hearing pathologies, which generally present few symptoms, and are often not noticed or underestimated. 7 The attention of speech and audiology professionals must be present since birth, in the case of profound sensorineural hearing loss predominance, until the school years, with slight or moderate determined deficits, often due to middle ear infections. 5 In Brazil, in the year of 2004, the National Policy of Hearing Health Attention 16 was instituted, with programmed actions directed to the actuation of audiologists in the promotion of health and specific prevention, and to the development of programs promoting hearing health in schools through practices directed to collective and early interventions. However, there are great difficulties to consolidate the policy in Brazil, due to several and diverse questions. The territorial dimension of the country is a hindering factor, along with the cost of equipment, lack of human resources, 17 and flexibility of the health policy in considering optional hearing screenings in school-age individuals (children and adolescents) but not indicating the instruments to be utilized in the evaluation of auditory acuity in this population. 18 In the light of the above, there is a clear necessity of developing studies focused on this theme in the Northeast region of Brazil. The objective of the present study was to analyze the prevalence and associated factors for hearing loss in school-age individuals in the municipality of Natal, capital of the state of Rio Grande do Norte, in the epidemiologic study.
Methods
A cross-sectional study is presented herein, on the evaluation of the prevalence and associated factors for hearing loss in school-age individuals of an elementary municipal public school in Natal. The municipality of Natal is located in the Northeast extreme of Brazil, latitude 5°47′ 40″ South and longitude 35°12′ 40″ West. The territorial area is 167.264 km 2 , with estimated population in 2016 of 877,662 inhabitants. 19 Life expectancy at birth is 75.08 years and the Municipal Human Development Index (MHDI) was 0.763, in 2010. Regarding education, school life expectancy is 9.85. 20 The city has 36 districts/neighborhoods and four administrative regions -North, South, East and West. 21 In Natal, 104,005 students were enrolled in elementary education, of which 35,400 were enrolled in municipal schools, and the remaining in state, federal and private schools. The municipality counts with 16 municipal schools that encompass all grades of elementary education, of which one school is located in the East zone, five in the West, eight in the North and two in the South. 22 Considering the population of elementary education students of the municipal public education network to be 35,400 students, the prevalence of hearing loss in schoolage individuals was 24.2%, 23 with a 95% confidence level, design effect 1.5, and 15% non-response rate, resulting in a sample size of 258 students. The sampling procedure was performed per conglomerate in 2 steps: in the first step, 4 schools were drawn, out of the 16 eligible, 1 per district. The second conglomerate was constituted by a draw of participating students, considering stratified sample representation, drawing students from all grades of the allocated schools. Considering a proportionality in the distribution of students in the city districts, the draws selected 29 students from the East zone, 80 students from the West zone, 127 students from the North zone, and 22 students from the South zone. The inclusion criterion was the absence of development syndromes or alterations/disorders that could interfere in the assessment responses.
Data collection was performed between October and December, 2017, by trained and calibrated researchers, and the evaluations were performed by an audiologist with experience in the method, to minimize the risk of bias. Inspection of the external auditory meatus (meatoscopy) was performed utilizing a TK Mikatos (Mikatos, Embu
International Archives of Otorhinolaryngology das Artes, SP, Brazil) otoscope to check release for hearing screening. The objective was to verify the conditions of hearing screening. It was considered altered when there was accumulation of cerumen. The students answered the questions "Do you think you hear well?" and "Do you have earaches?". The answers "yes" indicates that the individual thinks that can hear well and had earache. Then, using headphones and colloquial language, the students were instructed to raise their hand when they heard the sound, even if in low intensity. Audiometric screening was accomplished in the frequencies of 1, 2 and 4 kHz, with pass-fail criterion at 20 dB. 24 In the case of fail for a frequency/ear, the headphones were removed, instructions were repeated and the test was immediately re-taken. 24 When the final result of the audiometric screening was a failure, the individual was considered with hearing loss to the present study, due the high probability of hearing loss. All of the students who failed and/or had accumulation of cerumen were referred to the local health system. The evaluation environment noise was controlled by the TS measurement, and by an KR438 (Akrom, São Leopoldo, Brazil) sound level meter, registered in dB A, where both presented similar intensities. Before starting the tests, biological calibration was performed with a normal hearing researcher, measured from auditory evaluation in a cabin.
Auditory assessment was accomplished with a Telehealth audiometer (TS). 25, 26 The instrument presents similar results to the conventional audiometer, with clinically equivalent hearing threshold indicating its validity as an instrument for audiological evaluation. TS enables the possibility of registering additional information (regarding location, population under study, environmental noise), and because of the convenience of transportation and use. 25, 26 Software was installed in an Acer Aspire One (Acer, New Taipei City, Taiwan) netbook, and the headphones utilized were Microsoft LifeChat LX-3000 (Microsoft Corporation, Redmond, WA, USA), according to the calibration performed by the software. The aim of the procedure with school-age individuals was to perform a hearing screening, as recommended by the American Academy of Audiology. 24 The adult responsible for the child/adolescent (person with parental responsibility, or the guardian) answered the questionnaire "Brazil economic classification criterion," proposed by the Brazilian Association of Survey Companies (ABEP, in the portuguese acronomy), constituted by three groups of questions, on consumption goods, education level of the head of the household, and public services (water supply, paved roads). The results are analyzed in a ranking, where class A had better economic classification and class D-E had worse classifications; in our statistical analysis, we used two categoriesclasses A, B, C, and a second category with classes D-E. A questionnaire on the possible associated factors was applied to identify the factors associated with hearing loss. The questionnaire included 10 questions on health history and possible signs related to hearing loss.
The questionnaire aimed at determining: (i) age at the date of interview and gender; (ii) history of infections and use of medication; (iii) oral language skills; (iv) written language skills and school performance; (v) family history of hearing disorders, and (vi) habit of using earphones/ headphones and hearing difficulties.
The prevalence of hearing loss was assessed in accordance with the characteristics of the students; the speech and audiology aspects reported by the responsible adults, and the risk indicators for hearing loss as reported by the responsible adults. Descriptive analysis was performed from absolute and relative values, utilizing the chi-squared and Fisher exact tests, with a 5% significance level.
Bivariate analysis was performed to evaluate the associated factors. The factors that presented p < 0.2 in the bivariate analysis were included in the multivariate analysis with Poisson regression, using the Wald test for robust estimation. The gender and age group variables were maintained in the final multivariate model for confounding adjustment.
The present study was approved by the Committee of Research Ethics in human beings under the number 73019417.6.0000.5292 on August 29, 2017. All of the participants signed free informed consent and assent forms, according to the Declaration of Helsinki and Resolution n°4 66/2012 of the Brazilian National Health Council.
Results
A total of 258 students regularly enrolled in the schools selected to participate in the study, between the 1st and 9th grades, were invited to participate in the research. There was a loss of 7.75% of the calculated sample. The prevalence of hearing loss was 16% (11.7-21.4%), while 26.1% (20.7-32.2%) presented altered meatoscopy, 16% (11.7-21.4%) selfreported hearing difficulties, and 18.9% (14.3-24.6%) reported earaches. The average age of the participants was 10.76 years old (AE2.81), and 53.4% were females. There was a significant difference between the results of hearing screening and self-reported earaches, self-reported hearing difficulties, age group, and the result of meatoscopy (►Table 1).
Of the 238 school-age individuals included in the research, 167 responsible adults participated in the interview and answered the economic questionnaire; 71 responsible adults did not participate in the interview or answer the questionnaire, and were not found at the school nor returned phone calls, only signed the free informed consent forms. For this sample, there was a significant difference between the results of hearing screening and the self-reported hearing difficulties reported by parents (p ¼ 0.004) and the result of the previous hearing screening (p ¼ 0.003) (►Table 2).
When analyzing the factors associated with hearing loss, the presence of airway infections reported by the responsible adults (PR ¼ 3.37; 95% confidence interval [CI]: 1.48-7.68) was established as an associated factor for hearing loss (►Table 3).
In the multivariate model that included the variables gender, age group, airway infections, economic classification, frequency of airway infection, and frequency of earphone/headphone use, only the variable "airway infection" remained significant in the model (PR ¼ 6.79; 95%CI: 1.81-25.46; p ¼ 0.004) (►Table 4).
Discussion
The prevalence of hearing loss in the sample was high, as well as the number of students that reported hearing difficulties, earaches, and those that presented altered meatoscopy results. Airway infection was associated with hearing loss in the sample.
Research on the prevalence of hearing loss presents different diagnosis methods, different normality criteria, and different age groups. It is possible that these differences are due to educational differences across countries, which consequently leads to differences in the recruitment of students. Studies that used a similar age group found different prevalences: in Canada, the prevalence was 4.7%, established through an association between a 0.5-8 kHz threshold of hearing and otoacoustic emissions; 27 in Bangladesh, the prevalence was 13% for incapacitating hearing loss, through 0.5-4 kHz threshold of hearing and otoacoustic emissions. 12 In studies that utilized the same frequencies in auditory evaluation, 28-31 the pass-criterion at 20dB was not adopted. However, the prevalence found in the present study was still high, compared with previous studies and with prevalence values of 4.92% in China, 30 2.4% in Zimbabwe, 29 10.3% of fails in Poland, 31 but lower than the 33% value found in Oman. 32 Brazilian studies that include children and adolescents use different criteria for evaluation and classification. Two studies that evaluated incapacitating hearing losses found prevalences of 7.1% 33 and 3.03%. 13 However, data presented herein could relate to these studies, as incapacitating loss does not include individuals with discrete and slight loss, for example. Such an inclusion would increase prevalence, such as the value of 16.84% found in the South region of the country, 32 similar to that presented herein. Although the studies cited were restricted to the South and Southeast regions, data found for the Northeast region herein are equally alarming, and indicate the necessity of auditory health actions in Brazil for school-age individuals. More studies are also required in the Northeast and other geographic regions, as Brazil presents great territorial dimensions and different habits that, consequently, can produce different associated factors when considering hearing loss in school-age individuals. The protocol "Ear and hearing disorders survey" proposed by the World Health Organization (WHO) performed an investigation on "ear pain" 34 but it is worth mentioning that the objective of the protocol was wider than only determining the prevalence of hearing loss. Besides, studies of this nature that have followed this protocol 13, 33, 35, 36 did not present "ear pain/ache" in their results. Among school-age individuals, between the ages of 5 and 14 years old in India, one of the most common ear, nose and throat problem reported was earache, in 8.67% of the sample, 37 which was lower than what was presented herein. Research performed with children and adolescents in the USA found that 3.7% of the sample had suffered an earache in the previous week, and this was an associated factor for hearing loss. 38 This value was lower than what was presented herein; however, our study did not specify a time period for the earache. This could have been a confounding factor, and the hearing assessment of the 18.9% who reported earache might not have been influenced by this. However, the information agrees with the association of hearing loss and airway infections as associated factor, and indicates the necessity of further investigation of earache in this age group, such as more effective questioning of the student, which can vary across different cultures.
A study performed in South Africa revealed high prevalence of otoscopy alterations, demonstrating that otoscopy was an economic, fast and reliable measure to identify pathologies in the outer ear. 39 Among the evaluated students, the occurrence of altered meatoscopy results was higher than the negative screening results, however the findings were correlated. Other studies associated otoscopy with other assessments, such as tympanometry, 11 audiometric screening, 40 and tympanometry and pure tone audiometry. 41 None of these studies included a population of adolescents, which could be justified by the fact that conductive alterations detected during otoscopy/meatoscopy are more common in children. The higher number of children in the sample could have influenced the results, mainly regarding airway infections as risk factors, due to a higher prevalence of conductive alterations in this age group. 9 Data presented herein corroborates this hypothesis, in function of the higher occurrence of altered meatoscopy results, indicating conductive-type alterations. Other studies found that cerumen was the cause of hearing changes in school-age individuals. 9, 29 The previous hearing evaluation of the students was not associated with the negative result of hearing screening; however, its altered result is associated with fails. This result points beyond the importance of carrying out hearing screenings, as managing health data and previous assessments of this population is also important. In Brazil, periodical screenings are not a national reality. A research that focused on cloud data management indicated that this type of registry enables precise and systematic monitoring of screening programs. 30 There was no association between the fail result in screening and the age group of the adolescents, in opposition to what was found for children. This result is probably associated with the determination method for hearing loss, which did not include high frequencies.
Research with adolescents between 13 and 18 years old found an association between the use of earphones/headphones and threshold of hearing over 20dB in high frequencies. 42 It is important to consider not only the recommendations but also frequent exposure to elevated levels of sound pressure, common in this age group. 43 More studies that include hearing thresholds for higher frequencies are therefore necessary.
The lack of structure of the attention network regarding speech and audiology health in Brazil is very evident, especially in the poorest regions of the country. The Brazilian Northeast registers the lowest number of speech and language pathologists and audiologists per capita in the country (0.73/10,000 inhabitants). 44 The Rio Grande do Norte state, situated in the Northeast region, registered one of the highest hearing loss rates of the country (6.1%). 15 Rio Grande do Norte is one of the poorest states of Brazil (Human Development Index 0.684, Gini Index 0.524). 15 For these areas, with lower organization of health services, information on hearing loss in school-age children is useful in the decision-making process within the subject of public health screening, prevention, and auditory rehabilitation. 45 More specific promotion and prevention measures directed to the auditory health of this population can be subsidized, reducing the negative impacts on development and schooling.
In Latin America, the management of auditory health has not been a historical priority, with more investments in treatment International Archives of Otorhinolaryngology than in prevention. 46 The high prevalence found herein agrees with the studies that indicate that the prevalence of hearing loss is higher in low-and intermediate-income countries, 47 and indicate socioeconomic factors associated with loss. 6, 8, 11, 14, 42 When investigating ear, nose and throat morbidities in schoolage individuals in India, there was a significant association between the maternal education level and the search for health services directed to school-age individuals. 37 Herein no specific analysis was performed on schooling, however the education level of the head of household was considered in the economic evaluation proposed by the ABEP. Homogeneity of the sample regarding economic classes could have influenced the result of the association between economic classification and prevalence of hearing loss. Sample loss could also have influenced this and other aspects that did not present association. Due to this limitation and to local characteristics, new studies are suggested on the factors associated with hearing loss in schoolage individuals, with a broader classification of the specific characteristics of children and adolescents age groups.
Conclusion
The sample studied herein presented a high prevalence of hearing loss as well as airway infections as risk factors. This information provides data for actions directed to hearing health and prevention of loss in school-age individuals in the studied capital, which can be extrapolated to the state and to other locations with similar characteristics. 
